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By 
Arao Itano. Ph. D. 
[November 4， 1933.] 
While the 8cientific and industrial u自e8of昭事rha.ve increa.8ed ma.rkedly in 
a recent ye町民 thedeta.il information on a.ga.r i8 rather mea.ger. Only very 
recently 80me日cientificand g白neralcollected information bec阻 1eavailable. 
Howev白rthe litemture in English i8 very ra.re 80 fa.r 1.8 the author i白島W町 eand 
it i日thepurp08e of thi自 paperto give a general 8urv可 ofaga.r ma.nufacture in 
Ja.pan together with the re8ults of inve8tigation 11.自旬 theiodine content in ag&r 
and hydrogen ion concentr叫ionof ag町.
Part 1. General Survey on Agar. 
昂ν'on'cal:1) The J a.pa.ne日ehad been a.ccu自tomed句 u8eth自白e乱，wead自 of
Va.riOU8 fOrffi8 1.自 th自irfood 8ince出ea.ncient time， and one prepamtion ca.lled 
'Tokoroten' which i8 the crud白gelma.d白fromth白seaweed8had been U8ed quiもe
popula.rly. But it w倒的outtwo hundred and出tyye町 8a.go， 1.man near Kyo句
accidenta.lly discovered tha.t expoばngthe crude gel加 a白everecold， itfreeze自and
on出a.wingit lo08e8 the wa.ter lea.ving a bea.utiful 8ub8tance which ha.d been 
known剖‘Ka.nten'or a.ga.r. Ev白r8ince the prepa.ra.tion of agar had be白n
practiced a.mong th白peopleround玄yらもoand Osa.ka.， a.nd 80me on出ecommercia.l 
8cale. Also in 80me pa.r旬 in Shinano Prefecture， the indu自主ry8もarteda.bou七
eighty yea.rs ago. 
Prima.rily the ag町 hadbe自nu8ed in cooking as food .but now it h朗 b白∞me
one of the big indu8trie8 in J a.pa.n and it is exported to 1.1 over the world fo1' 
va.rio田 purposeswhich are brielly noted below: 
よ Fooduses : 
In ceriaJ foods; pa.otries; confectiona.ry; j白liesand ja.ms ;帥l山 drゅ
ing; thicken白rin 80llpS etc. 
* Assisted by Mr. Y. Tsu.JI ofもhi自 labora.的ry.
ー
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IJ. Induslrial uses : 
ExploBive; hectogr8oph;自oa.p;water proof cloth 80nd p8oper; cl8orifier; 
fly p8oper;血ingin自ilkindustry; Bぬncilp80tter田 in80rt etc. 
ILよ Phal'maceulicaluses : 
Adhe自ivedre自BingB;cold crea.m; l8ox8oti ve ; 自uppo自itori白日; 日tom8och80nd 
int倒 tin80lremedieB; culture medi80 for microbiologica.l work e弘
Kind 0/ Seaweea忌used/or Agar JJfanu/aclure: 
Chiefly the Bea.weedB which belongB句 Rhodophyce8oei自 uBedfor the a.g8or 
m8onufa.cture. There 80re about fourteen f80milies which include 30-40 BPωieB・in
th白world. Around th白J8op8oneBe iBl80nd日，fi ve f8omilies， n80mely Gelidium， C8oul8oca-
thuB， pteroclodi8o， Ac8onthopelti自 80ndG80も8obell8owith 16ー 17Bpeci倒 80refound 
8omong which Gelidium f80mily iB the most importa.nt one. Ten BpecieB in Geli-
dium 80re known in J8op8on and some of出emore or less im porωnt oneB 80re G. 
ama.nBii La.ux， G. J 8oponicum Ok8om， G. Bub巴03ta.ntumOh8om 80nd G. p80cificum 
Oh阻 1(see Pl80te IV， V 80nd VL). AmongもheョeG. 80manBii La.ux is出ebest of 801 
邸 dused most偲凶n自ivelyfor the prep8ora.tion of 80g町.
The BeaweedB gener80lly grow in the depth of 10-20 feet 80nd their growth is 
influenced by light， tempera.ture， concentra.tion of B80ltB and the d自pth. Th白'y80re 
collected during the summer monthB from M80YもoSeptemb白rby the wom白n
diverB chi白血y，by me80ns of r80king 80nd also collected by dra.ging with 80 specia.lly 
conBt.ructed m8ochine. Then， they a.re ble80ched first by the Bun on自eaBhore， 80nd 
upon reaching the 80g町 manufa.cturerB，the weedB 80r自 w80shed with fr自由hw80ter 
80nd blea.ched r自P叫 tedly80nd cmBhed by pounding， and Btr80inedもoget rid of 
the foreign m80tter Buch 80S the BhellB 80nd随 nd自由旬. Next they紅白白ubj的もed旬
boiling for 8obout ten hours in 80 boiler adding w80ter 8obout ten times of the 
volume of Bea.weedB; str80ined through the cloth. To the Btr80ined m8oterial， 
80 cerぬin8omount of 80cid Buch 80S 80cetic or Bulfuric 80cid i日add自d加 precipita.te
the gel;出eco8ogul8oted gel iB pla.ced in 80 wooden fr80me alld cut in 80ny Bh80pe 
d朗 ired，u自u80llyBqu80re or thre8oded; then 8ubje巴句dto freezing 80nd thawing 
twice outdoors 80nd dried by th白 Buncompletely on the b8omboo Bcreen自0 旬
自liminat白thew80ter 80S much 80S po鈎ibleand 80t th自陣metime，the ble80ching ta.ke8 
pl80c自陣出，f8oe加rilywhile dηing. 
Chemical Comtosilion of Seaweeds and Agar : 
Som白 ofth白 chemica.lana.lyBe8 of Be80weedB belong句 Gelidiuma.re given 
80s follow自:
(See Table 1 on next p8oge.) 
The chemic80l composition of gel prep80red fl'om Gelidium 80manBu i8 given 
byT.皿 AO80B follow8 : 
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Table 1. 
Chemical Composition of Sea.weeds (GeUdium，)2) 
Oon凶ituen旬. Green. 
H.O. . 7% .36
Tot.al nitrogenol1s compounda. . 16.u6 
Soluble niもrogenoll自巴ompounds… 7.87 
F畠，t. .. .. .. .. .. .. .. ・ ・ー 0.98 
Non-nitrogenou自extrac旬. 46.34 
Penもosans.・. -・ ・ .. 2.85 
Meもbyl-pento回an. -・ ・ ・ .. 0.71 
Fibre. . -・ ・ .. .. 13.21 
Aah. -・ ・ ・ .. 12.49 
Table II. 
Chemica.l Composition of Gel prepa.red from 
Gelidium ama.nsii La.ux.3) 
E心 IN咽 mmM|Nonp|l pvu 日・IN-comoound百.1
% I % I % I 




















The general chemical analyse由of日omeag晶，rare given泊 TableIII: 
Table III. 
Chemical Composition of some Aga.r.* 
Crude Soluble Sample No. Ash. pro飴in. Crude fil>re. non-N-compounda. 
% 




Dried in oven. 一 3.815 1.876 21.194 73.115 
23.120 2.465 1.504 19.267 53.644 
I. 
Dried in oven. 一 3.206 1.956 25.062 69.776 
* Analyses made at Hokkaido Univer自ity，informedもhruthe COl凶e白Yof Nozawa 
& 00. 
The soluble non-nitrogenou8 compound8 were o.na.lysed for gal艇も08ewhich 
i8 genemlly cou8idered旬 beth自白ubsぬucewhich caU8e臼 theagar coagulate and 
found IIB follow8: (Ta.ble IV.) 
62 A.ITANo: 
Ta.ble IV. 










As句then叫ureof a.ga.r gel， PAYEN4) a.ttributed it to the pre自enc自of'GeJo自由'
while BAUER， GRE1'.NI司CHa.nd MORIN cla.imed tha.t th自ga.la.cta.nIs rωponsible. 
TOLLEN5) considered d-Ga.la.cto自eIlS th白 coa.gula.ting乱gent. TA.KA03) demonstra.ted 
the pre自enceof pen句自由，frncto目、 ga.la.cta.na.nd gJycogen in the a.ga.r. 
Microlるi%gica/Co前ideraJionoj' Agar : 
Since， in 1881， KOOH found the u自由 ofa.ga.r in the microbiologica.l inv倒tiga-
tion in ma.king the自olidclllture medium on a.ccount of its compa.rative inerもness
to the a.cもionof mo自tmicr∞rga凶日m自， it has been used quite exもensively. In fa.ct， 
80 fa.r a.自 thea.uthor i8 a.wa.re， there a.1'e only日evera.lmicroorga.nism8 whi~h 
hydrolyse the a.ga.r， a.nd日omeof出emma.y be cited here for interest.. 
GRA.N6) isola.もedB. gela.ticu自from8ea. water a.nd the orga.ni自mw帥 usedby 
P瓦INGSHEIM7) 泊 connectionwith hi自 experimenton t.he nitrogen fixa.tion by 
Clostridium a.merica.num a.nd Azotoba.c旬rchroococcum in which he tried旬 U自e
the hydrolysis of a.ga.r by B. gela.ticus朗a.source of energy. In 1905， PANEK8) 
described a.n orga.nism， i自ola.tedfrom出esuga.r b白etunder the na.me of Ba.c飴rium
beta. visc伺 um. BIERNA.Cm9} isola.ted Bo.cterium nencku from ra.isins， which is a. 
fa.culta.tive a.na.erobe. GRAY a.nd CHALMER日tO)isola.ted a.n orga.nism in course of 
i自ola.tionof Spirocha.eta. cytopha.ga. a.nd na.med it a.s Microspira. a.ga.r-liquefa.ciens. 
AOI1t) in 1925 isola.ted a.n orga.nism from the sta.ble ma.nure a.自a.new species of 
a.gar decomposer and na.med it Vibrio a.ndoi. L屯.TELYsevera.l reports a.ppea.red 
which dea.l with the aga.r decomposers: LUNDE，TADt2) isola.ted eight different 
speciωfrom sea. water; WA.KRMA.N a.nd BAVENDANUM13) isola.ted a.n orga.nism from 
ma.rine sediment which a.ttacks t，he hemicellulose complex of a.ga.r; GOllESLINE14) 
repor総dAchromoba.cter p随 tina.旬rn. sp.， Pseudomona.s la.cunogenes n.自p.a.nd 
P自eud.自egnen. sp.; NICHOLS均 reporもedo.n a.ga.r liquefying ba.c民riumwhich w制
isola.ted from the soil. 
Part 11. Investigation on Agar as to 
the Iodine Conten旬.
Since the a.gBr is ma.de from the s6aweeds which conta.in a.considera.ble 
阻lOuntof iodine， itis na.turally su旬。巴ぬd出叫 someio必neisむa.nsfered旬
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the agar in the process of i旬manufo.cturing. How自verno definite informo.tion is 
avo.ilo.ble in this reg町dso far as the author is aw町 e.
Again the phy自ico・chemical制 well刷出自phYI自iologica.limportance of iodine 
is we11 recognized and the o.g町 i自国edext曲目ivelyo.s food o.nd 0.1自0泊 the
biological investigo.tions so that it is important to朗自由rtain制 tothe quan低t~ of 
iodine may be found in the o.gar. 
In the microbiological field， the informo.tion concerning the ph戸iologic乱l
insuence of iodine町 emrely found. G阻A.VESI6)，o.nd KOOIJMANSI7) found tho.t 
1-100 to 1-1，000 of iodin自白紙mul叫esthe growth of ye岨 ts;SCH四 RERand 
SCBWARTZI8) also inv伺もigatedth白insuenceon the ye拙 tso.nd found th叫 theionio 
or organic iodine， inquantity of 0.000∞1 per cent stimul叫朗 thegrowth， o.nd 
0.25 p白rce叫 isho.rmful to most org岨 ismo.nd noted tho.t出emolecular form of 
iodine i自morepoisonous tho.n tho.t of ionic form. 1TA...0 o.nd MATf!UU且A19)in-
vestigated the influence on B. subtili自， Azotobo.cter and yeas旬， o.nd found that 
0.007 P自rcent w創出自opも凶umfor their growth o.nd 0.2 per cent w卸 ho.rmfulfor 
them 0.1. GERSC田 N四 LD20)tried a 3 per cenもmixtureof Ca.I2， KI o.nd NaI， and 
found it to be 0. powerful disinfectant. 
In view of these facts， the fo11owing inve自もigationwas co.rried out. 
Experimental : 
With the method33) previously described， the lOdine content w制 quanもi-
ta.tiv白lydetermined in : 
1. seo.weeds from di貸erentlocalities in Japo.n， 
2. commercial agar of di宣白reutgrad倒 andalso that prep町 edin the 
la.bomtory， 
3. eliminaもionof iodine in agar by pur温怖もionand by pr∞essing， 
4. the residue afterもheagar is extracted. 
( 1) /odine in Se何 leeds.
From th白plo.nt physiological o.nd iodine industrial 自凶ndpoin旬， the iodine 
content of 自由o.weedshave been inv自由もigatedquite extensively and reported by 
various inv白柑gators，肋xrr21)，DANGA田町K"YLIN23)，and very rec自ntlyby McCr，EN-
DON2f)， o.nd others. In geneml. those seaweeds which belong to Phaeophysea.e 
conta血0.large o.mount o.nd less in Rhodophyceae. Even the seo.weeds of日o.me
fa.mily vo.ry inもheiriodine contenもbythe loc.ality where they grow. the se制 on，
and o.lso by the di貸erentpo.rもofth自白o.meplant. However v白rylitle is known 
abouもtheiodine content of出eseo.weeds which belong to Gelidium which are 
used for th白a.ga.rIl1a.nufo.c旬ringchiesy. END02) staもe自 inhis book出ea.bsence 
of iodine in Gelidium a.ma.nsii while DANGARD and KYUN repor旬dthe pre自enceof 
on1y a.tmce of iodine， and MOCLENDON24) reported as follow自:






























A自もoもheform of iodine in the f1'esh自白，weeds，Sa.1'g朗自umenerve Ag叶
Eck10nia. ca.va. K.mLIU阻a.ndEISNIA bicyc1is (KrELLM) SETCH; EヨCHLE25)， OKUDA a.nd 
ETo'明 reportedtha.t the iodine exists 1a.rge1y剖 wa.tersolub1e orga.nic compounds 
which is not decomposed by the a.ction of wea.k自ulfu1'ica.cid nor by sodium 
hydro:xide. TSUKA.MOTO a.nd FURUK且.wA.27)investig叫edLamina.1'ia. ochotensis M.rrABE 
and found tha.t the iodine existed in wa.t紅白01ub1einorganic fo1'm. However no 
report on Ge1idium wa.s found concerning the form of iodine， a.lthough it bea.r自
re1a.tion with the iodine in a.g町;a.nd although thi自pa.1'ticu1a.rpoint i自inぬr自白紙ng，
itw制 notinvestiga.ted this time. 
In thi自investiga.tion，the自ea.weed日f1'omdi宜erent10ca1itie自inJapa.n， which 
a.re chielly used for a.ga.r ma.nufa.ctu1'e， were pu四ha.日edfrom a.n a.g町 ma.nufa.cturer
inHy，らgoPrefecture a.nd the tota.l io(1ine wa.s determined剖 inTa.b1e V: 
Ta.b1e V. 
Iodine Contents of some Seaweeds. 
~~~倒u1' 。lassificationof seaweeds. ド吋inein吋11:目 IIodd1'ie~Cseaweecl';;.1 ~oome p. p. m. 
1. Shizuoka. Geliclium atnan日iI.aux. 0(m.7R26.) 2 726.2 
2. ibid. Gelidium自ubco8tantllmOham. 0.7962 796.2 
3. Chiba. Gelidium linoid伺 K日tz. 0.5742 574.2 
4. ibid. Gelidium amansii I.anx. 0.4802 430.2 
6. Kagoahima. ibid. 0.4662 466.2 
6. Kochi. Gelidium pacifi.cum Oham. 0.4550 455.0 
* Wbere色beseaweeds were originally collec飴d.
As Tab1e V indicates， there a1'e自omevaria.tion， 43:)ー 796p. p. m. in the 
創nountof iodine content by the sea.weeds of di貸e1'entorigin. 
( 2) Iodine Conlenl in Commercial AgarザD目ferenlGrades 
and also Agar p，ぺparedin Laboratoぐy.
J udging from the na.ture of a.gar， iti自possiblethat the aga.r ad自o1'b日目ome
of the soluble iodine in 也eproce日目 of i凶 prepara.tion. BUNGENBERG DE J ONG28) 
demonstra.ted that a piece of a.ga.r a.dsorb日iodineon sha.king i色inIKI自01凶ion，
anda.自imi1a.ra.ction ma.y be taking pla.ce in aga.r ma.nufa.cturing. 
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( 1.) Commet:cuu Agar of Di'ferenl Grades .
Three di貸erentgra.de日 ofcomm自rcia.1a.ga.r w制a.nalysedfor iodine a.nd 
found剖 follows:
Ta.b1e VI. 
Iodine Content in some Commercial Agar. 
Grade of Agar. I国linein 1 g. dried agar. Iodine p. p.m. 
1. (0H.I0E1-) 18 1 t.8 
I. 0.0265 26.5 
m. 0.0428 42.8 
It is noted in Ta.ble VI tha.t the second a.nd third gra.de a.ga.r巴onta.inmuch 
more iodine tha.n the first gra.de by order. Thi日di貸日rencema.y be due加 t.he
process of drying since the first gra.de a.ga.r isぬkenfrom the top 1a.yer of dried 
gel on the ba.mlX>o screen on which the ge1 i日 drieda.nd the sooond， from the 
lower layer a.nd the t.hird， from the bottom， so tha.t the dra.ined wa.ter sooms to 
ca.ηy down more solub1e iodine towa.rd the bot句min the course of drying. 
( b) Agar tretared in Laooralory: 
The a.ga.r wa.s prepa.red in t.he la.bora.tory from those sea.weeds lisぬdin 
Ta.ble 1 a.ccording to the following meぬodwhich is very simila.r to t.he industria.l 
proce随:
20 g. sea.weed白 werepl邸 edin 4∞cc. boiling wa.ter in 1. 500 cc. b伺.ker;
a.fter 1. few minut自民 50 CC. wea.k sulfuric 1.巴id(12巴巴・ N/10 H2S0~ in 50 c. H20) 
were added a.lld h倒もedslowly for a.n hour; a.fter that t.he solution wa.s kept in 
a.n incuba.ωl' a.t 80-8500. for 12-14 hours; the tota.l volume w佃 ma.deup to 
500 c. a.nd filもered泊加11.la.rge Petrie dish where the coa.gula.もionta.ke日 pla.ce
wi出in2-4 hours; the gel w制 cutinto pi前倒 of0.5-1.0 cm. wide a.nd pla.ced 
on 0. ba.mboo screen a.nd tra.nsfered into 1. ga.lva.nized iron box which imbeded in 
a告白ez泊gmixture， ice and salt; afもerfreezing， the contenもwastaken out and 
placed泊 aw町 mroom so th叫出自frozengel melts gra.dually a.nd the wa七erruns 
out; when the dripping 白色ops，it w副 ta.ken ou凶oorsand dried in 出esha.de 
where the a.era.tion is g∞d;もhenthe ge1 dries up within 3-4 days・Thus位1e
fairly goed sa.mp1es of agar w朗 prepa.red. The air dried gel wa.s dried further 
in 1. va.cuum， Oa.Ob desicca.tor， and powdered after dried and subj郎防d句 the
ana.lysis of which r飽 ultsare given in Table VII : 
(See Table VII on next pa.ge.) 
Considering the r倒 ult自 givenin Ta.ble VII in the lighもofTable V， itis 
noted tha.t larger the origina.l content of iodine in the sea.we自ds，more iodine 
is transfered to the ag眠
66 A. lTANO: 
Table VII. 
Iodine Content of Aga.r prepa.red in Labora.tory. 
NO.1・ IO<line in 1 g.dried agar. Iodine p. p. m. 
1. 0(m.0R97.) 2 97.2 
2.‘・
3. 0.1019 101.9 
4. 0.0783 78.3 
5. 0.0245 24.5 
6. 0.0450 45.0 
• Number corresponds to that in Table V. 
輔 Failedωgive乱酔rgel. 
From these r倒 ul旬， it is noted that both the commercial and prepared agar 
contain iodine in amount of 10-101 p. p. m. Considering these amount in 
conjunction with the use of agar in the nutrient media for microorgani自msancl 
its自ubsequenもinfJ.uence，the following st.atement may be made : 
8ince 15 g. ag町 isusually taken for the preparation of 1 L. of the medium 
and the iodine conもentof 15 g. agar is '1.515 rog. uもmostand 0.165 mg. lowest， 
the percenぬgeof iodine in 1 L. of medium may be O.∞01ふ-0.000016per cent 
釦∞rdingly. 80 far as the KOOUMANS'17) and other investigations are conc白rned，
也epresence of自uch1. sm叫lamounもofiodine is noもhaロnfulaltbough it may 
日timulat白thegrow也.
(3) E/.加仇ation0)' Iodine斤omAgar by Purグcalion
and Processing. 
(1.) Influence 0)' Washing: 
Besides the gelose，もheordin町yago.r con句insvo.rious amount of crude 
protein， crude fi.bre， o.sh o.nd iodine. For the cultivo.tion of microorganisms， itis 
ideal句 use七hepure ago.r 80七ho.tthe food supply is s凶ctlyconfi.ned to just what 
are o.dded experimentally. Con司equen七lyseveral methods of pur述cationof ag町
have been reported by FELLER29)， MAODoUGAL30) and 0も，hers. ln principle，出e
method consists of wo.shing. fi.ltration， dialysI8 or reprecipitation wi也 alcohol阻 d
o.cetone. For example FAIRBROTHER and MAST凶31)applied only fi.ltration and 
di叫戸isfor two week自 andsucceeded in reducing出enitrogen conもenももo0.16 
from 0.41 per cent， and 1.1曲目ducedo.shωto 2.38 from 4.99 per cent. ln出I8
investigation，出ee宜ectof simple wo.shing and dialysIB was investigat.ed in the 
following manner: 20 g. fi.nely powdered a~ar w朗 mixedwith 1 L. distilled wa七er
ands句odovernighも， fi.ltered o.nd wo.shed until the filtrate reached to 2-2.5 L. 
The filtro.te was concentro.ted on七hewo.ter bath and KZC03 w鍋 addedto mo.ke 
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the filtra.te alkaline and evapora.ted加 drynes自; the dried r自由idueis dried fur出er
in an oven at 8500. for a few hour昌" powdered a.nd a.na.lysed for iodin自. The 
r朗 ults町eshown in Ta.ble VIII. 
Table VIII. 
Elimination of Iodine from Agar by Washing. 
Iodine in 1 g.dried Rgar. 
Grade of Agar. I Iodine elimina凶 Ratio. Total iodine. 
(mg.) (mg.) 
1. 0.0118 0.00610 100: 51.6 
m. 0.0427 0.01704 100: 39.8 
Table vrr indica.tes that 4(}-50 per cent iodine can b自 eliminatedby simply 
wa.shing with water. 
t、1) Elil官'linafti加。ifIodine by D凶lysisand Retreczj全，ifalion: 
Next th白a.garwas purified by the following method and the iodine content 
W朗 determined:20 g. powdered agar was pla.ced泊 acollodion such in wa.ωr， 
and cha.nging the water twice a. day a.nd盆nallythe a.g町 wsstra.nsfer自don 
a filter paper， washed自everaltimes with water; then thrown into the a.bsolute 
alcohol to reprecipit，a.te the aga.r ;闘P町atethe agar on出esuction盆lter，wa.shed 
with a.lcohol a.nd ether a.nd dried. The results創・eshown in Table rx. 
Table IX. 
Effect of Purification on Iodine Con旬nt.
Iodine in 1 g.dried agar. 






I. 0.0265 0.00714 
From these reBults， itis noted tha.t白vena.fter such purifica.tion 6-ー7p.p.m.
io必neremalns in the aga.r. 
(c) Injlu帥 ce0/ S叫んn'cAα!'d used on Ihe Iodine Conlenl 0/ Agar. 
In boiling出eseaweeds for extraction of a.gar， a small a.mount of sulfuric 
削 idIB used， a.nd出。 quantityof the acid a.dded， insuence the coa.gula.紙onof a.gar 
owing to the hydrolysIB of carbohydra.凶自 contained in the 白eaweed白・ Con胎-
quently it wa.s presupposed that the amount of iodine may b自 insuencedby the 
amount of sulfuric acid u回d，and the following自主perimentwas carried out : 
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To 20 g・sea.weed自担 4閃 c.wa.旬Ir，va.rious阻 ountof N/I0 H2S0番，制
indica.ted inもheta.b1e， w制a.ddeda.nd the iodine content of aga.r thus produced 
W朗 det白rmined. The resu1旬 areshown in Ta.b1白X.
Tab1e X. 
Iodine Con旬ntin .Aga.r a.nd Sulfuric Acid u田d，
CC. Iodine in 1 g.dried agar. N/10 H.SO. used. Iodine p. p. m. 
6 (0I.n0g1.9) 8 19.8 
12 0.0245 24.5 
24 0.0649 64.9 
Tab1e X indicates that more出ea.cid i自由ed，more of the iodine i圃 found
in the ag町.
( 4 )Iodine Confenf in fhe Residue a/fer a々ris exfracfed. 
The l'esidue of sea.weeds a.fぬrthe晶ga.ris extr郎もed，h朗 beenused朗
ferti1izer ma.inly but judging from the crude pro旬in∞nもent，iもmaybe used as 
the catt1e f伺 d. It was invesもigatedhere加叫certainwha.t portion of iodine 
rema.ins in the re自idue.
Afもerthe a.gar w朗 extra.cted，th白residueonもhefi.1ter w朗 W朗 hedwith wa.ter 
岨 ddried， a.nd powdered白 bea.na1戸ed. The r倒u1旬a.regiven in Ta.b1e X工
Ta.b1e XI. 
lodine Conもentin也eRe目idue.
No.僑 I州 ne川 dr…陶r.1 Iodine p. p. m. 
1. (1m.3思4)45 1344.5 
2. 0.5515 551.5 
3. 0.7470 747.0 
4. 0.8605 860.5 
5. 0.6910 691.0 
6. 0.5585 558.5 
・ Same as in Table V. 
The data. indica.te也前 withexception of No. 2， 1.1 others showe(l tha.t 
the amount of iodine incr叫 sedcompa.ring with tha.t of the origina.1自ea.we自ds.
This may be due加 the1038 of也eto句1weight of sesweeds in the pr∞e随.
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The re1ation of iodine cont.ent in the 自由乱weeds， ag乱rand the re自idueis 
shown in Tab1e XII. 
Tab1e XII. 
Relative Iodine Content in Seaweeds， Agar and Residue. 
No. 1. 2. 3. 4. 6. 6. 
Iodine (mg.) in 20 g. air-dried seaweeds. 12.180 13.320 8.加。 7.2∞ 7.800 7.570 
Agar prepared. (g.)… 6.15 6.12 7.02 4.80 5.515 
Iodine (mg.) found in agar. 0.6301 0.6097 0.3310 0.0974 0.21415 
Residne. (g.) . . . .. 9.10 11.80 10.∞ 8.05 11.80 10.40 
Iodine (mg.) fonnd in residue. -・ ・ー 11.3':'50 5.9590 6.94∞ 6.5964 7.6582 5.8084 
Total iodine in agar +削due.(mg.)…11.9051 7.4497 6.9274 7.7556 6.0229 
Noもe: Since the amounもofagar prepared仕omthe日ameamonn志ofBeRW飾品
varie目 bysuch facもorsas boiJing， freezing， drying etc.， the v乱lue自 givenin 
the table are the mean value of国everalexperiments. 
From th自abover自由u1旬， it is noted也ata 1町 geportion of iodine in seaweeds 
remains inもheresidue and very 1it1e was 10st in也es01ution and 0.自mall
porもionremainl! in ag町・ Th白鴎 r自由ult白arerather di貨erentfrom those which 
have been reported by other investigators. The di宣erencemay be due to such 
factor日制 thekind自， fre自hnes自 of自由aweedswhich naturally may influence the 
amount of wa知子日01ub1eio必ne.
Part m. Hydrogen Ion Concentration of Agar. 
The reaction of ag町 isgenemlly con自idered個 neutra1and only a few 
reports on the subject are found which may be due to the di鑑cultyof de旬r-
mining PH value directly. 
Bu問国32) reported th叫 thePH va1ue of agar can be deぬnninedwith 
antimony e1ectrode. In出isinvestigation， the commercia1 agar and the prepぽ自d
agar in回目pens¥onof 1 : 20and a1目o1 per cent自01utionat 35cC.， were taken and 
the PH va1ues were d的erminedby both the a.ntimony and quinhydrone e1回 trodω.
(1) pH Value 0/・AgarS凶rpensr切.
One part of powdered commercia1乱garw朗即日pendedin 20 per旬 ofwater 
and PH W制 deぬrminedat variou8 interval目 underdifferent treatments as right 
after vigoroU8 Bhaking， after smnding for an hour and a180 for overnight. The 
resu1ぬaregiven in Table XIII. 
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Table xrn. 
pH of Commercial Agar Suspension. 
Grade of agar. Quinhydrone. Antimony. 
1. 6.82 6.54 
Righもぱもer自haking. I. 6.98 6.67 
II. 6.81 6.56 
1. 6.84 6.71 
Afωr 1 hour shaking. I. 8.02 6.81 
m. 6.95 6.63 
1. 6.87 6.64 
After 日ぬndingovernigbt. II. 7.∞ 6.76 
1lI. 6.90 6.58 
Th白r佃ul旬obta.inedby t:qese two electrod白swere v位'Ysimilar except those 
obta.ined right after shaking. As a whole， th白rea.ctionof agar is almost neutra1. 
Again the suspension of a.ga.r pr昭島，redin tbe la.bora.tory w朗 investiga.ted
and obtained出efollowing results: 
Ta.ble XIV. 
pH ofLabora色oryAgar Su可児nsion.
No.* Quinhydrone. Antimony. 
1. 6.32 6.17 
3. 6.85 6.68 
4. 6.69 6.52 
5. 6.73・ 6.55 
6. 7.20 6.69 
* Same a日TableV. 
No旬: Inぬi自 C創 ethe suspenaion前oodfor an hour before the determination. 
'Th.ble XIV indica.te日tha.tthe臨位monyelectrodega.ve lower PH va.lues tha.n 
也equinhydrone electrode. 
(2) pH Value of々 arSolu/;伽.
One per cent of agar w個出鎚olv白din water a.nd the determination w朗
C創:riedout at 3500. The resuIts町白shownin Ta.ble XV. 
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Table XV. 
pH of 1% Aga.r Solution of Commercia.l a.nd La.bora.tory Aga.r. 
Kind of Agar.・ Quinhydrone. Antimony. 
1. 7.34 8.02 
n. 7.27 7.85 
ill. 7.43 8.01 
1. 6.89 6.92 
3. 7.20 7.60 
4. 7.15 7.55 
5. 7.18 7.52 
6. 7.16 7.59 
・ Same凶 noもedin the previou8 tables. 
The data. indica.もethat出eantimony el即位odegave la1'ger PH valu倒 tha.n
the quinhydrone， a.nd as 0. whole出el町 gerPH va.lu倒 wereobtained for出ea.ga.r. 
This ma.y be du白もothe difference which is ca.u自由dby the ぬmperaLurea.lthough 
a properぬmperaturecorrection w阻 applied.
Summary. 
From the results obta.ined in the invωtiga.tions reported in也ispa.p白r朗
Pa.rt II a.nd III， the following summa.ry may be ma.de : 
1.) Six kinds of seaweeds which乱rechiesy used for a.ga.r ma.nuf郎 turing
wereもestedfor the iodine content a.nd found tha.もheyconta.in from 0.045も0
0.079 per cent iodine. 
2.) The commercia.1 agar a.nd the la.boraもoryaga.r conta.in from O.∞>18句
0.01017 per cent iodine. Among the commercia.l aga.r， b的tergrade of aga.r 
conta.in le自由 iodine， a.nd もheiodine con句nt01 Ia.bora加ryagar w朗 in pa.rallel 
withもha.tof the日eaweedsfrom which the a.g町 i自prepa.red.
3.) The iodine conte凶 inaga.r can be conもro11edto日omeexぬ凶bya.djusting 
出ea.mou凶 ofsulfuric acid u自edin the proce自民 lessthe acid is ~sed， 1伺日 the
iodine i日foundin a.ga.r. 
• 
4.) The iodine conもentof a.gar ca.n be reduced by 40-50 per cent， by 
wa.shing with water. 
5.) A trace of iodine rema.ins in a.gar even afぬrdia.lyza.tion and reprecipi-
ta.tion. 
6.) A Ia.rge portion of iodine in the自eaweedsrema.in in the residue a/ter 
もhea.gar is extr郎総d.
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7.) The hydrogen ion concenもra.tionof a.ga.r is somewhere nea.r PH 7.0 
although BOffie va.ria.tio田 werefound by the elecもrodeused. 
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